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Abstract 

Background: Lung cancer cells have been reported to produce cytokines, resulting in systemic reactions. There 
have been few reports showing that these cytokines induced the formation of an inflammatory mass around lung 
cancers. 

Case presentation: We encountered a patient with a pleomorphic carcinoma of the lung. This tumor produced 
interleukin (IL)-8, granulocyte colony-stimulating factor and IL-6, which in turn recruited inflammatory cells, such as 
CD8 positive lymphocytes, around the tumor, resulting in a rapidly growing tumor shadow. 

Conclusion: 18 F-fluoro-deoxy-glucose positron emission tomography, in addition to a conventional radiological 
approach such as computed tomography, may detect immunological responses around a tumor. 
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Background 

Lung cancer cells have been reported to produce several 
cytokines and growth factors, especially granulocyte 
colony-stimulating factor (G-CSF), resulting in various 
systemic reactions [1-12]. We encountered a lung cancer 
patient with a peritumoral permeation shadow, which 
increased rapidly due to recruitment of cells by interleu- 
kin (IL)-8/CXCRl. 

Case presentation 

A 52-year-old man complaining of a high-grade fever 
was referred to kitano hospital in August 2005. He pre- 
viously had glucose intolerance, has a 26 pack-year his- 
tory of smoking, and consumed 350 ml of beer per day. 
A chest X-ray showed a mass-like opacity in the apex of 
his right lung (Figure 1). A physical examination on 
admission showed reduced body weight (45.5 kg), sinus 
tachycardia (108/min), high respiratory rate (20/min) 
and high body temperature (38.0°C). Blood examination 
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disclosed a marked leukocytosis (neutrophilia) and ele- 
vated serum concentrations of C-reactive protein (CRP) 
and liver enzymes (Table 1). A chest computed tomog- 
raphy (CT) scan showed a mass-like opacity in the apex 
of the right lung, with the inside of the mass being of 
low density (Figure 2). 

His symptoms, blood examination and chest CT scan 
suggested a lung abscess. Despite the administration of 
antibiotics, however, the mass-like opacity rapidly grew 
(Figure 3). The transbronchial specimen and CT guided 
biopsy specimens were negative for bacteria, fungi and 
acid fast bacilli, but showed infiltration of lymphocytes. 
18 F-fluoro-deoxy-glucose positron emission tomography 
(FDG-PET) showed the localized uptake of FDG to the 
center of the mass-like lesion and right hilar lymph node, 
in addition to diffuse uptake by the bone marrow and 
an enlarged liver and spleen (Figure 4). Before surgery, we 
considered that the lesion-like lung abscess was cancer 
and pneumonitis associated with cancer. The tumor 
was diagnosed as a cT3NlM0, stage IIIA lung cancer. 
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(Figures 6). Following excision, it was shown to be of 

mixed subtype (predominantly large cell carcinoma #3 (0/5), #4 (0/1), #10 (0/1), #11 (0/1), #12 (0/1) 



with >10% giant cells and a few adenocarcinoma cells), 
measuring 40 x 34 x 28 mm, and graded pT3, plO, G3, 
LyO, VO, PLCO, RO, and pmO. The tumor was positive 
for lymph node metastases, and graded pNO, #2 (0/3), 


[pT3N0M0, pStage IIB]. The tumor was surrounded by 
intense infiltration of neutrophils and lymphocytes. The 
patients high grade fever, neutrophilia, and elevated 
CRP level rapidly subsided after the operation (Figure 3), 


Table 1 Laboratory data on admission 








Hb 10.7 g/dl 




BUN 10.5 mg/dl 




V.B^2 1208 pg/ml 


Pit 75.8x10%! 




Cr 0.59 mg/dl 




Ferritin 1750 ng/ml 


WBC 36000/\j / 




T-pro 6.8 g/dl 




SIL-2R 2370 U/ml 


NEUT89.0% 




Alb 2.7 g/dl 




CEA 4.5 ng/ml 


LYMPH 5.7% 




CRP 19.6 mg/dl 




CYFRA <1.0 ng/ml 


MONO 4.1% 




HbAic 6.0 g/dl 




proGRP 14.8 pg/ml 


EO 1.1% 








NSE 4.5 ng/ml 


BASO 0.1% 




IgG 2418 mg/dl 
IgA 607 mg/dl 




i6-D-glucan Negative 
Mycoplasma IgM Negative 


AST 44 U/l 




IgM 85 mg/dl 




C. pneumoniae IgM 0.95 


ALT 65 U/l 




IgE 1103 lU/ml 




C. Psittaci Ab Negative 


LDH 1 144 U/l 




C3 220 mg/dl 




Legionella Ag in urine Negative 


ALP 1571 U/l 




C4 36 mg/dl 




Cryptococcus Ag Negative 


y-GTP 497 U/l 




CH50 69 U/ml 






T-Bil 0.7 mg/dl 











The italics data was higher than normal level. 
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as did his elevated serum concentrations of G-CSF and 
IL-e (Table 2). 

Since the rapid growth of the mass-like shadow likely 
resulted from the infiltration of neutrophils and lympho- 
cytes, we assessed the mechanisms underlying the infil- 
tration of these cells. 



Materials & methods 

Lung cancer and control tissue 

Frozen lung tissues containing cancerous and surround- 
ing non-cancerous areas were obtained from this patient 
and from three other patients with lung cancer. All con- 
trol tumors were adenocarcinomas. As the tumor and 




Figure 4 FDG-PET/CT in September 2005. FDG PET/CT showed 
the localized uptake of FDG to the center of the mass-like lesion, in 
addition to diffuse uptake by the bone marrow and an enlarged liver 
and spleen. 

v J 



non tumor areas could be distinguished clearly, they 
were isolated macroscopically. 

Reverse transcription-polymerase chain reaction 

Tissues samples were homogenized, and total RNAs were 
prepared using TRIzol reagent (Invitrogen Life Techno- 
logies, Carlsbad, CA, USA) and further purified using 
RNeasy Kit (Qiagen, Hilden, Germany). Total RNAs (1 (ig) 
were reverse transcribed using oligo(dT)i8 primer and 
Superscript II reverse transcriptase (Invitrogen Life Tech- 
nologies). The expression of mRNAs encoding chemokine 
receptors was assessed by reverse transcription-polymerase 
chain reaction (RT-PCR). First-strand complementary de- 
oxyribonucleic acids (cDNAs), equivalent to 20 ng total 
RNA were amplified in a final volume of 20 [A containing 
10 pmol of each primer [13,14] and 1 U Ex-Taq polymer- 
ase (Takara Bio, Kyoto, Japan). 




Figure 5 Resected tumor. Black arrow: main tumor including 
necrosis. White arrow: non-cancerous areas. 

V . J 
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Figure 6 Tumor tissue. Black arrow: Giant cell, White arrows: Large 

cell carcinoma, Yellow arrows: Neutrophils. 
\ J 



The amplification conditions consisted of an original 
denaturation at 94°C for 5 min, followed by 27 to 
35 cycles of denaturation at 94°C for 30 sec, annealing 
at 60°C for 30 sec, and extension at 72°C for 30 sec, 
and a final extension at 72°C for 5 min. Chemokine 
cDNAs were amplified for 33 cycles, chemokine re- 
ceptor cDNAs for 35 cycles, and glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) cDNA for 27 cycles. 
The amplification products (10 [A each) were electro- 
phoresed on 2% agarose gels, which were stained with 
ethidium bromide. 



Immunohistochemical staining 

Immunohistochemistry was performed using an auto- 
mated immunostainer (Ventana BenchMark AutoStainer, 
Ventana Medical Systems, Tucson, AZ) with antibodies 
against CD4 (1:20, IF6, Novocastra), CDS (1:20, 4B11, 
Novocastra), IL-8 (1:50, NYR-HIL8, Santa Cruz), IL-8R/ 
CXCRl (1:100, polyclonal, GeneTex, Inc.), G-CSF (1:100, 
FL-207, Santa Cruz) and IL-6 (1:20,000, polyclonal, R&D 
Systems). Neutrophils were recognized by morphological 
analysis. 



Table 2 Cytokine concentrations before and after tumor 
resection 





Before op 


After op 


IL-6 (pg/ml) 


185 


0.9 


G-CSF (pg/ml) 


235 


<10 



After the operation, elevated serum concentrations of IL-6 and G-CSF 
rapidly subsided. 



This study was approved by the Kitano Hospital re- 
search ethics committee, and all subjects provided writ- 
ten informed consent. 

Results 

Analysis of chemokines and chemokine receptors 

Because there are fewer chemokine receptors than chemo- 
kine ligands, we first assessed the levels of expression of 
mRNAs encoding all 18 types of chemokine receptors 
(CXCRl-6, CCRl-10, XCRl, and CX3CR1) in the inflam- 
matory cells located around the tumor in our patient. RT- 
PCR showed that CXCRl mRNA was strongly expressed 
in the non-cancerous area around the tumor. 

We next assessed the expression in cancerous areas 
of mRNAs encoding several candidate chemokines, 
including IL-8/CXCL8, Mig/CXCL9, IP-IO/CXCLIO, 
I-TAC/CXCLll, CXCL16, MIP-lP-1 L16, MlP-l-a/ 
CCL3, RANTES/CCL5, MCP3/CCL7, HCC-1/CCL14, 
HCC-2/CCL15, LEC/CCL16, MPIF-1/CCL23, MCP-1/ 
CCL2, MCP-2/CCL8, MCP-4/CCL13, lymphotactin/ 
XCL, and fractalkine/CX3CL. RT-PCR showed expres- 
sion in the tumor of mRNA encoding IL-8, the ligand 
of CXCRl. 

In addition, we found that CXCR3 mRNA was 
expressed in the cells surrounding the tumor, and that 
Mig and IP- 10, the ligand of CXCR3, was expressed in 
the tumor lesion itself. CCR3 was also expressed in the 
tumor, but we did not detect expression of its ligand 
(Figure 7). 

Immunohistological staining 

The cancerous lesion in our patient was infiltrated by 
many CD8 positive lymphocytes and neutrophils and by 
a small number of CD4 positive lymphocytes. These 
lymphocytes were positively stained with anti-IL-8 anti- 
body. The tumor cells were positive for G-CSF, partly 
positive for IL-8 and weakly positive for IL-6, but nega- 
tive for IL-8R/CXCR1. 

The area surrounding the tumor in our patient con- 
tained many CD 8 positive lymphocytes, but few neutro- 
phils. The neutrophils were negative for IL-8, whereas 
the infiltrating lymphocytes were weakly positive for IL- 
8R/CXCR1 (Figures 8 and 9). 

Discussion 

We encountered a rare patient with a pleomorphic car- 
cinoma and rapidly growing tumor shadow in the apex 
of the right lung. This patient presented with a high- 
grade fever and marked inflammatory responses. The ex- 
cised tumor consisted of a carcinomatous lesion in the 
center, surrounded by the intense infiltration of inflam- 
matory cells. FDG-PET showed that FDG uptake was lo- 
calized to the center of the mass -like lesion, along with 
diffuse uptake in the bone marrow, liver and spleen. 
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Figure 7 RT-PCR analysis of chemolcine receptors and their ligands. RT-PCR showed that CXCRl mRNA was strongly expressed in the 
surrounding area of the cancer and that mRNA encoding IL-8, the ligand of CXCRl, expressed in the cancer. In addition, CXCR3 mRNA was 
expressed in the cells surrounding area of the cancer, and that Mig and IP-10, the ligand of CXCR3, was expressed in the cancer itself. CCR3 
was also expressed in the cancer. 



In addition to high grade fever, neutrophiUa, and ele- 
vated serum CRP concentration, our patient presented 
with elevated serum concentrations of G-CSF and IL-6. 
Following right upper lobectomy, however, these ele- 
vated concentrations became normalized. In addition, 
immunohistochemical examination showed that the 
cancer cells were positive for G-CSF and IL-6. The ele- 
vated IL-6 levels in this patient may have contributed 
to his high-grade fever and increased CRP levels [15], 
whereas the increased serum G-CSF levels may have 
contributed to neutrophilia and hematopoietic activa- 
tion, as indicated by diffuse bone marrow uptake of 
FDG [1,16]. These cytokines have been reportedly 
produced by lung cancers, especially by large cell 



carcinomas [2-11,17]. Many lung cancers previously 
diagnosed as large cell carcinomas have been reclassi- 
fied as pleomorphic carcinomas [18]. Additional stud- 
ies are needed to determine the mechanism by which 
pleomorphic carcinomas produce cytokines. 

The tumor shadow in this patient rapidly increased 
in size prior to surgery. Examination of the excised 
lung tissue showed that the area around the tumor 
consisted of non-cancerous tissue intensely infiltrated 
by lymphocytes and neutrophils. The formation of this 
inflammatory outer zone around the tumor was likely 
not due to the production by tumor cells of IL-6 or G- 
CSF. Rather, the tumor may have produced chemotac- 
tic factors, which in turn recruited the infiltration by 
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Figure 8 Immunohistological staining of the cancer lesion (x400). The cancerous lesion in our patient was infiltrated by many CDS positive 
lymphocytes and neutrophils and by a small number of CD4 positive lymphocytes. These lymphocytes were positively stained with anti-IL-8 
antibody. The tumor cells were positive for G-CSF, partly positive for IL-8 and weakly positive for IL-6, but negative for IL-8R/CXCR1. 



inflammatory cells. To analyze this mechanism, we 
assessed the expression of several chemokines using 
RT-PCR and immunohistochemistry. 

In investigating the expression of chemokine recep- 
tors, we observed the intense expression of CXCRl 
mRNA in the outer inflammatory zone. We also found 
that mRNA encoding IL-8 mRNA, the ligand of 
CXCRl [19], was expressed by the tumor cells, and 
that these cells were partly stained with antibody to 
IL-8. Lymphocytes infiltrating the tumor were weakly 
positive for IL-8. In contrast, inflammatory cells in the 
area surrounding the tumor were negative for IL-8, 
while lymphocytes in these areas were weakly positive 
for IL-8R/CXCR1. Taken together, these findings sug- 
gest that the tumor cells produced IL-8, which recruited 
CD8-positive lymphocytes and neutrophils from the 
bloodstream, resulting in the rapid organization of an 
inflammatory zone around the tumor (Figure 10). 



Although both CD8+ lymphocytes and neutrophils 
express the same IL-8R [20], CD8+ lymphocytes pre- 
dominated around the tumor. This surrounding area 
was also positive for CXCR3, while mRNAs encoding 
Mig and IP- 10, the ligands of CXCR3 and T-cell che- 
moattractants [20], were strongly expressed in the 
tumor itself. Because CD8 lymphocytes were recruited 
not only by IL-8 but also by Mig and IP- 10, whereas 
neutrophils were recruited only by IL-8, these findings 
suggested that the imbalance between CD8 positive 
lymphocytes and neutrophils surrounding the tumor 
may be due to differences in the concentrations of 
these chemokines [20]. 

FDG-PET examinations have occasionally shown a 
pattern, in which FDG accumulates on the periphery of 
a tumor shadow, but not in the center of the lung 
tumor, owing to central necrosis and lung abscesses. 
The preoperative pattern of FDG uptake was unique in 
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Figure 9 Immunohistological staining of the tissue surrounding the cancer lesion (x400). The area surrounding the tumor in our patient 
contained many CDS positive lymphocytes, but few neutrophils. The neutrophils were negative for IL-8, whereas the infiltrating lymphocytes were 
weakly positive for IL-8R/CXCR1. 

V J 



this patient, being localized to the center, but not the 
periphery, of the mass in the right lung apex. These 
finding suggest that FDG accumulated strongly in the 
cancerous lesion, but not in the outer inflammatory 
zone. Similar images on FDG-PET examination should 
suggest a tumor together with a local immunological re- 
sponse induced by the tumor. 




Figure 10 Receptors and ligands in the cancer lesion and in the 
surrounding area. Our findings suggest that the tumor cells 
produced IL-8, G-CSF and IL-6, IL-8 recruited CD8-positive lymphocytes 
and neutrophils from the bloodstream, resulting in the rapid 
organization of an inflammatory zone around the tumor. 



Conclusions 

We encountered a patient with a pleomorphic carcin- 
oma of the lung. This tumor produced several cytokines 
and chemokines, including G-CSF, IL-6, and IL-8, result- 
ing in several systemic responses and a rapidly growing 
tumor surrounded by inflammatory cells. FDG-PET, in 
addition to a conventional radiological approach such 
as CT scanning, may distinguish between tumor-induced 
immunological responses and the tumor itself. 

Consent 

Written informed consent was obtained from the patient 
for publication of this case report and any accompanying 
images. 
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